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Measurement of Reactor Anti-Neutrinos in KamLAND

Japanese Reactors
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KamLAND in 2003:

First Direct Evidence for Reactor v, Disappearance
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50 Years of Reactor Neutrino Physics

Japan

1953 First reactor neutrino experiment

1956 “Detection of Free Antineutrino’,
Reines and Cowan — Nobel Prize in 1995

2003 KamLAND'’s observation of v,
disappearance

Observed v, 54 events
No-Oscillation 86.8 + 5.6 events
Background 1+ 1 events
Livetime: 162.1 ton-yr

October 29, 2004



KamLAND in 2004
Evidence of Spectral Distortion in Energy Spectrum
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Future: Reduce systematic error
L S e | with improved calibrations.
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Spectral Distortions: A unique signature of neutrino oscillation!

Simple, rescaled reactor spectrum is excluded at 99.6% CL(x?=37.3/18)

Karsten Heeger, LBNL October 29, 2004



Measuring Neutrino Oscillation Parameters
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. _ Precision neutrino physics
Agreement between oscillation parameters for v and v

Karsten Heeger, LBNL October 29, 2004



KamLAND - Systematic Uncertainties

E> 2.6 MeV

Fiducial volume
Energy threshold

Cut efficiency
Live time

Reactor power
Fuel composition

v, Spectra
Cross section

%
4_? - volume calibration

og °energy calibration or
analysis w/out threshold

1.6
0.06

2.1 given by reactor company,
1.0  difficult to improve on

2.5
0.2 theoretical, model-dependent

Total uncertainty

6.5 %

Karsten Heeger, LBNL

October 29, 2004



Further Improvements on Systematic Errors
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KamLAND z-axis Calibration

Routine Calibration Sources

68Ge et 2 x0.511 MeV

65Zn Y 1.116 MeV

50Co Y 2.506 MeV

AmBe v,n 2.22,4.44, and 7.65 MeV

Laser and LEDs
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60Co: 1.173+1.333 MeV in the detector
0=6.2%/VE light yield: 239 p.e./MeV

Karsten Heeger, LBNL

October 29, 2004



KamLAND z-axis Calibration

Routine Calibration Sources
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Fiducial Volume Determination

With radioactive sources
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KamLAND Full-Volume Calibration

Calibration throughout entire detector volume
Fiducial volume: R<5.5 m

Position Dependence of Detector Response
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Event energy E(r,8,¢)
Vertex reconstruction Rqi(r,0,0)

Karsten Heeger, LBNL



Construction of a Full-Volume
Calibration System

|. compatible with scintillator
ll. low-background
lll. precise positioning

Fall 2003 Fall 2004




Instrumentation of the Calibration System

830 nm IR LEDs '

pressure sensor

thermometer

two 2-axis
accelerometers

Position Information:

cable length < 0.5 cm

depth (3 pressure sensors) < ~1 cm
inclination of pole (accelerometers)
CCD imaging of IR LEDs

Karsten Heeger, LBNL Expected positioning accuracy ~2cm l
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